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DETAILED DESCRIPTION 


[Detailed Description of the Invention] 

[Tte technical field to which invention belongs] this invention relates to the bonding method for carrying out flip chip 
bonding of the electronic parts, such as for example, a SAW (Surface Acoustic Wave : surface acoustic wave) element, 
and its equipment. 

[0002] . J , , , , 

[Description of the Prior Art] The flip chip bonding which joins the electrode of electronic parts and the electrode ot a 
substrate through a bump has a small component-side product, has the feature that the wiring length of a circuit is short 
and is suitable for high density assembly or mounting of a high-speed device. Especially, the thing using the golden ball 
bump with a comparatively easy formation process has put in practical use widely. 

[0003] If the outline of those processes is explained based on drawing 7 , the golden bump 83 will be beforehand formed 
on the electrode of the electronic parts 81, such as SAW. The electronic parts 81 with which this golden bump 83 was 
formed are adsorbed with the bonding tool which placed the bump forming face upside down and was attached in the 
ultrasonic horn. 

[0004] the bonding stage top currently heated by about 200 degrees C on the other hand - an electrode - public funds - 
the ceramic substrate to which plating was performed is arranged After being positioned with a camera etc., a deer is 
carried out, and a bonding tool descends, and electronic parts 81 and a ceramic substrate do pressunzation and junction 
of electronic parts 81 , impressing an ultrasonic wave to a ceramic substrate. 

[0005] Such a junction process is usually divided into two stages, and is performed. That is, it consists of a process 
which removes the barricade which remains by the golden bump 83 as the 1st phase according to an ultrasonic wave, and 
an ultrasonic-jointing process of the golden bump 83 and the electrode of a ceramic substrate. 

[0006] Therefore after impressing supersonic oscillation for 800 m seconds with an about [ 0.5W ] low output first, an 
ultrasonic wave is impressed for 800 m seconds by 2.0W. Under the present circumstances, since a bonding tool operates 
in the same state, vibration of an ultrasonic wave is the same direction ( drawing ! , arrow 84 reference). 

[probiem(s) to be Solved by the Invention] In order to gain sufficient bonding strength generally in the flip chip bonding 
which carries out thermocompression bonding by ultrasonic combined use, as compared with wire bonding, it is 
necessary to cover a long time with a high output and to impress an ultrasonic wave to a bump. Consequently, the golden 
bump 83 who was circular before bonding deforms that the rate of productivity falls sharply into the ellipse form with 
which the direction 91 of supersonic oscillation serves as a major axis after (refer to the drawing^ fictitious outline) and 
bonding from the first (refer to drawrngj solid line). 

[0008] In this case, since it is a square and the golden bump's 83 deformation permissible dose to the size of an electrode 
is decided by the major axis of an ellipse, the electrode of a ceramic substrate has the problem to which the proper range 
of bonding conditions becomes narrow. For example, by the conventional method, a major axis amounts to 120 
micrometers to a minor axis being 90 micrometers, and the application to the electrode pad whose one side is 120 

micrometers is difficult. . . . . . 

[0009] Therefore, in this way, as a result of the proper range of bonding conditions receiving restnctions in a degree very 
much correspondence when an electrode pad turns minutely is difficult, this invention took the above-mentioned 
situation into consideration, was made, and aims at offering the bonding method which can cancel the above-mentioned 
fault, and its equipment. 

[Means for Solving the Problem] In the bonding method which carries out bonding of the bump electrode of electronic 
parts to the electrode of a substrate, the bonding method of a claim 1 possesses the sticking-by-pressure process which 
sticks the aforementioned bump electrode by pressure to the electrode of the aforementioned substrate, and the ultrasonic 


impression process of impressing an ultrasonic wave to a sticking-by-pressure part, and impresses the aforementioned 
ultrasonic wave from plurality. 

1 [001 1] In a claim 1, in the bonding method which carries out bonding of the bump electrode of electronic parts to the 
electrode of a substrate, the bonding method of a claim 2 possesses the sticking-by-pressure process which sticks the 
aforementioned bump electrode by pressure to the aforementioned electrode, and the ultrasonic impression process of 
impressing an ultrasonic wave to a sticking-by-pressure part, and impresses the aforementioned ultrasonic wave to both 
by the side of the aforementioned substrate and the aforementioned electronic parts. 

[0012] The bonding method of a claim 3 heats the aforementioned sticking-by-pressure part in the aforementioned 
sticking-by-pressure process in a claim 1 or a claim 2. In the bonding equipment with which the bonding equipment of a 
claim 4 carries out bonding of the bump electrode of electronic parts to the electrode of a substrate A substrate 
maintenance means to hold the aforementioned substrate, and the bonding tool held free [ attachment and detachment of 
the aforementioned electronic parts ], A sticking-by-pressure means to pressurize relatively the aforementioned 
electronic parts currently held at the aforementioned bonding tool to the substrate currently held at the aforementioned 
substrate maintenance means, and to stick the aforementioned bump electrode by pressure to the aforementioned 
electrode, and an ultrasonic impression means to impress an ultrasonic wave in the direction of plurality are provided. 
[0013] In the bonding equipment with which the bonding equipment of a claim 5 carries out bonding of the bump 
electrode of electronic parts to the electrode of a substrate A substrate maintenance means to hold the aforementioned 
substrate, and the bonding tool held free [ attachment and detachment of the aforementioned electronic parts ], A 
sticking-by-pressure means to pressurize relatively the aforementioned electronic parts currently held in the 
aforementioned electronic parts currently held at the aforementioned bonding tool at the aforementioned substrate 
maintenance means to the substrate currently held at the aforementioned substrate maintenance means, and to stick the 
aforementioned bump electrode by pressure to the aforementioned electrode, The 1st ultrasonic impression means which 
impresses an ultrasonic wave to the aforementioned bonding tool, and the 2nd ultrasonic impression means which 
impresses an ultrasonic wave to the aforementioned substrate maintenance means are provided. The bonding equipment 
of a claim 6 possesses a heating means to heat the sticking-by-pressure part by the aforementioned sticking-by-pressure 
means, in a claim 4 or a claim 5. 
[0014] 

[Embodiments of the Invention] Hereafter, 1 operation gestalt of this invention is explained in full detail with reference 
to a drawing. Drawing 1 and drawing 2 show the bonding equipment of this 1 operation gestalt. This bonding equipment 
For example, the bonding stage 2 of the shape of a pillar which consists of the quality of the materials, such as stainless 
steel, and holds the ceramic substrate 1, The bonding tool 4 held free [ attachment and detachment of the electronic parts 
3 which are arranged in the right above section of this bonding stage 2, for example, consist of a flip chip for SAW 
elements ], The rise-and-fall mechanical component 6 which carries out a rise-and-fall drive in the vertical direction 
(arrow 5) in support of this bonding tool 4, The source 7 of a vacuum which it connects [ source ] with the bonding tool 4 
and makes electronic parts 3 attract, The 1st ultrasonic wave impression section 8 which impresses an ultrasonic wave to 
the bonding tool 4, The 2nd ultrasonic wave impression section 9 which impresses an ultrasonic wave to the bonding 
stage 2, It has the bonding control section 40 electrically controlled based on the rise-and-fall mechanical component 6 
and the program beforehand set up in the 2nd ultrasonic wave impression section 9 and the bonding stage 2 by reaching 
source of vacuum 7 and reaching 1st ultrasonic wave impression section 8. 

[0015] As the aforementioned electronic parts 3 are shown in drawing 3 , a dimension is 0.4mm in 2.0mm long, 2.0mm 
wide, and thickness, and 16 electrodes 10 made from aluminum are formed by one principal plane by the spatter. 
Nothing and thickness are 0.7 micrometers about the square whose one side of the configuration of these electrodes 10 is 
120 micrometers. Then, the golden bump 1 1 with a diameter [ of 70 micrometers ] and a height of 30 micrometers is 
formed in each electrode 10. 

[0016] On the other hand, nothing and its thickness of the ceramic substrate 1 are 0.5mm about the square whose one 
side a dimension is 3.0mm. And on this ceramic substrate 1, the electrode 12 to which the aforementioned golden bump 
1 1 is connected is formed (refer to drawing 3 ). This electrode 12 is making the layer structure of (Tungsten W) / (nickel 
nickel) / gold (Au), and the gold layer of the best layer is formed in the thickness of 0.4 micrometers by the electroless- 
plating method. 

[0017] A deer is carried out, and it is set to the bonding stage 2 so that the ceramic substrate 1 which the heating meanses 
13, such as a nichrome wire, are installed inside, for example, is being fixed through the tabular fixture 14 of stainless 
steel nature may be heated for example, before and after 200 degrees C. This heating means 13 is established so that a 
temperature control may be carried out by the aforementioned bonding control section 40. 

[0018] On the other hand, it is a product made from tungsten carbide, and the bonding tool 4 consists of a disc-like 
attaching part 15 which holds electronic parts 3 directly, and a cylindrical supporter 16 which supports this attaching part 
15. Nothing and the thickness of the aforementioned attaching part 15 are 5mm about the round shape whose diameter of 


a principal plane is 3mm. and suction whose bore is 0.8mm in the center section of the attaching part 15 -- the hole 17 is 
drilled moreover, the tubular object whose outer diameter of the aforementioned supporter 16 is 3mm - it is -- inner - a 
'hole 1 8 -- the aforementioned suction - it is open for free passage to the hole 17 

[0019] Furthermore, the end section of the flexible guidance pipe 19 is attached outside the free end section of the 
bonding tool 4 And the other end of the guidance pipe 19 is connected to the aforementioned source 7 of a vacuum. 
[00201 And the point of the 1st ultrasonic horn 20 which makes the 1st ultrasonic wave impression section 8 has fitted 
into the halfway section of the bonding tool 4 so that the perimeter of all the bonding tools 4 of the bonding tool 4 may 
be surrounded This 1st ultrasonic horn 20 is electrically connected with 1st ultrasomc-wave-oscillator 20a. Furthermore, 
the back end section of the 1st ultrasonic horn 20 is supported by the rise-and-fall mechanical component 6. This nse- 
and-fall mechanical component 6 has this soma 21 which makes the shape of a pillar, the stage 22 attached in this soma 
21 of this free [ sliding of the vertical direction ], and the L character-like attachment fixture 23 with which it was fixed 
to this stage 22 and the point was connected with the back end section of the ultrasonic horn 20 of the above 1 st. In 
addition, the part with which the attachment fixture 23 of the ultrasonic horn 20 is connected is a major diameter from 
the other sections. 

[0021] Furthermore, the ultrasonic vibrator 24 of a couple contacts the bonding stage 2 along the direction where the axis 
of the 1st ultrasonic horn 20 and the 2nd ultrasonic wave impression section 9 cross at right angles, and the ultrasonic 
vibrator 24 of these couples is pinched between the bonding stage 2 and X-Y table 2b. And the ultrasonic vibrator 24 of 
these couples is electrically connected with 2nd ultrasonic-wave-oscillator 24a. 

[00^2] Furthermore the bonding stage 2 and X-Y table 2b constitute the positioning section 51 which positions the 
ceramic substrate 1 . In addition, as shown in drawing 2 , the bonding stage 2 is connected with X-Y table 2b by insertion 
object 26a (it is not a ultrasonic vibrator 24). . . 

[0023] As a deer is carried out, it reaches 1st ultrasonic wave impression section 8 and the ultrasonic impression 
direction of the 2nd ultrasonic wave impression section 9 is shown in the arrows 51 and 52 of drawing^ , it is set up so 
that it may intersect perpendicularly mutually. Below, the operation of the bonding equipment of the above-mentioned 
composition is explained. 

[00^4] First the source 7 of a vacuum is started based on the control signal SA from the bonding control section 40, and 
electronic parts 3 are made to stick to the attaching part 1 5 of the bonding tool 4. And the ceramic substrate 1 is laid on 
the bonding stage 2, and it fixes through a fixture 14. On the other hand, the bonding stage 2 is heated before and after 
200 degrees C by energizing for the heating means 13 based on the control signal SB from the bonding control section 
40 Next based on the control signal SC from the bonding control section 40, the rise-and-fall mechanical component 6 
is started, the bonding tool 4 is dropped to the ceramic substrate 1 laid on the bonding stage 2, and the electronic parts 3 
by which the bonding tool 4 is adsorbed are made to contact the predetermined connecting location of the ceramic 
substrate 1 . Consequently, it is pressed by the electrode 1 2 to which the golden bump 1 1 of electronic parts 3 
corresponds. In addition, positioning with electronic parts 3 and the ceramic substrate 1 is performed by operating X-Y 
table 2b with the control signal SP impressed from the bonding control section 40 using the image pck-up equipment 

which is not illustrated. . , ^ ■ < . u e 

[0025] Just before contacting to this golden bump's 1 1 electrode 12, control signals SD and SE are impressed to each of 
the 1st ultrasonic-wave-oscillator 20a and 2nd ultrasonic-wave-oscillator 24a from the bonding control section 40, and 
the grade vibration of the 1st ultrasonic-wave-oscillator 20a and the 2nd ultrasonic-wave-oscillator 24a is made to carry 
out in an arrow 51 and the 52 directions for 400 m seconds with vibration frequency, for example, 60Hz - 1 10Hz, 
respectively (refer to drawing^ ). As for the output at this time, 1.5W are desirable. 

[0026] A deer is carried out, the supersonic oscillation of the 2-way which intersects perpendicularly with the contact 
part of the golden bump 1 1 and electrode 12 which are heated before and after the above 200 degrees C mutually is 
impressed, and as a result of removing uniformly the oxide film which intervenes between the golden bump 1 1 and an 
electrode 12 both are combined firmly. After such bonding is completed, while canceling adsorption for the electronic 
parts 3 by the source 7 of a vacuum, a control signal SC is impressed to the rise-and-fall mechanical component 6 from 
the bonding control section 40, and the bonding tool 4 is raised. 

[0027] In order to investigate the bonding strength of the ceramic substrate 1 by which bonding was carried out, and 
electronic parts 3 in this way, when the shear strength was measured by moving the share tool shown in drawing 5 in the 
level (arrow 53) direction, lOOgf and sufficient bonding strength were obtained. 

[0028] On the other hand, when the diameter of a sticking-by-pressure bump was measured under the microscope, the 
golden bump 1 1 was deforming, maintaining a round shape mostly, as shown in drawjng_6_ . That is, the diameter of 
sticking by pressure after deformation of the golden bump 1 1 is 100 micrometers, and the correspondence to the pad 
electrode 12 which makes the square whose one side is 120 micrometers is enough. In addition, in drawing 6 , the round 
shape shown with the fictitious outline is a bump configuration in front of bonding. 

[0029] On the other hand, when the conventional direction of supersonic oscillation obtains the same bonding strength 


only by Mukai on the other hand, the configuration of the golden bump 1 1 after about [ that it is T**^™?™?" 
500 m seconds with the ultrasonic output of 2.0W ] and sticking by pressure serves as an ellipse form whose major axis 
fiSntiefa to drawing 7 ). In such a case, the correspondence to the pad electrode 12 which makes the 
emigre whose one side is 120 micrometers is difficult. . 
00301 to additon in the above-mentioned example, although the impression direction of an ultrasonic wave is a 2-way 
Sinter ecS^erpendicularly mutually, more than this ,s sufficient as it for example - when carryu^outm the three 
directions even if it makes it impress an ultrasonic wave to an electrode 12 with the golden bump 1 1 so that the 
u impulsion direction which also makes the aforementioned insertion object 26a a ultrasonic vibrator, and 

contains m?£Sli tool 4 side may become 120 degrees mutually - the same operation effect as the aforementioned 
exarrmle - **** — things are possible . . , r 

[00311 Moreover in the aforementioned example, although it is made to impress an ultrasonic wave just before 
contactmi ^ to the golden bump's 1 1 electrode 12, as long as the prerequisite which can obtain good junction is satisfied, it 
i<? not restrained at the impression time of an ultrasonic wave at a stage. ;„ 
0^32 Sver the pressurization load over the golden bump's 1 1 electrode 12 wbch included the pressure sensor in 
E^i^oU, and was detected by this pressure sensor is 1 kgf. You may make it impress supersonic oscillation at 

S^^^ above-mentioned example, as a bump of electronic parts, although the golden bump is used, 
as long as it does not fuse at the time of thermocompression bonding, you may use nickel (nickel) bump etc., for 
e^le FurSore, expansion application is possible for this invention to manufacture of a common semiconductor 
device, without limiting to manufacture of SAW. 

E of the Invention] this invention becomes possible [ joining without overflowing into a corresponding pad 
Kdc since not only the thing that it faces connecting by carrying out thermocompression bonding of the bump 
e ec ode of Electronic parts to a substrate, and can be acquired for sufficient bonding strength s.nce it was made to 
Z ress supe^Sc oscillation in the direction in which two or more simultaneously in alignment with the principal 
pZe of the aforementioned substrate etc. were allotted but also a sticking-by-pressure bump configuration can be kept 
almost circular ]. 


[Translation done.] 
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CLAIMS 


[Claim(s)] , . , . . 

[Claim 1] The bonding method characterized by providing the sticking-by-pressure process which sticks the 
aforementioned bump electrode by pressure to the electrode of the aforementioned substrate, and the ultrasonic 
impression process of impressing an ultrasonic wave to a sticking-by-pressure part, in the bonding method which carries 
out bonding of the bump electrode of electronic parts to the electrode of a substrate, and impressing the aforementioned 
ultrasonic wave from plurality. 

[Claim 21 The bonding method characterized by providing the sticking-by-pressure process which sticks the 
aforementioned bump electrode by pressure to the aforementioned electrode, and the ultrasonic impression process of 
impressing an ultrasonic wave to a sticking-by-pressure part, in the bonding method which carries out bonding ol the 
bump electrode of electronic parts to the electrode of a substrate, and impressing the aforementioned ultrasonic wave to 
both by the side of the aforementioned substrate and the aforementioned electronic parts. 

[Claim 3] the claim 1 characterized by heating the aforementioned sticking-by-pressure part in the aforementioned 
sticking-by-pressure process, or a claim 2 - the bonding method given in either 

[Claim 4] Bonding equipment which is characterized by providing the following and which carries out bonding ot the 
bump electrode of electronic parts to the electrode of a substrate. A substrate maintenance means to hold the 
aforementioned substrate. The bonding tool held free [ attachment and detachment of the aforementioned electronic 
parts 1 A sticking-by-pressure means to pressurize relatively the aforementioned electronic parts currently held at the 
aforementioned bonding tool to the substrate currently held at the aforementioned substrate maintenance means, and to 
stick the aforementioned bump electrode by pressure to the aforementioned electrode. An ultrasonic impression means to 
impress an ultrasonic wave in the direction of plurality. 

[Claim 5] Bonding equipment which is characterized by providing the following and which carries out bonding ot the 
bump electrode of electronic parts to the electrode of a substrate. A substrate maintenance means to hold the 
aforementioned substrate. The bonding tool held free [ attachment and detachment of the aforementioned electronic 
parts ] A sticking-by-pressure means to pressurize relatively the aforementioned electronic parts currently held at the 
aforementioned bonding tool to the substrate currently held at the aforementioned substrate maintenance means, and to 
stick the aforementioned bump electrode by pressure to the aforementioned electrode. The 1st ultrasonic impression 
means which impresses an ultrasonic wave to the aforementioned bonding tool, and the 2nd ultrasonic impression means 
which impresses an ultrasonic wave to the aforementioned substrate maintenance means. 
[Claim 6] the claim 4 characterized by providing a heating means to heat the sticking-by-pressure part by the 
aforementioned sticking-by-pressure means, or a claim 5 ~ bonding equipment given in either 


[Translation done.] 
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